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© Cleaner brush. 



© A cleaner brush (60) for eiectrostatographic re- 
producing apparatus has electroconductive fibers of 
nylon filamentary polymer substrate having finely- 
divided electrically-conductive particles of carbon 
black suffused through a surface layer thereof. The 
electrically conductive carbon black is present in an 
amount sufficient to render the electrical resistance 
of the fiber from about 1 x 10 3 ohms per centimeter 
to about 1 x 10 9 ohms per centimeter. In a preferred 
embodiment the fibers form the cut plush pile of a 
woven fabric strip (82) which is wound helically on a 
cylindrical core, and includes conductive yams 
spaced 20 to 30 mm apart running substantially 
^ parallel to the strip edges. 
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The present invention relates to cleaner 
brushes, and in particular to electrostatic cleaning 
brushes for use in electrostatographic reproducing 
apparatus. 

In electrostatographic reproducing apparatus 
commonly used today a photoconductive insulating 
member is typically charged to a uniform potential 
and thereafter exposed to a light image of an 
original document to be reproduced. The exposure 
discharges the photoconductive insulating surface 
in exposed or background areas and creates an 
electrostatic latent image on the member which 
corresponds to the image contained within the 
original document. Alternatively, a light beam may 
be modulated and used to discharge portions of 
the charged photoconductive surface selectively to 
record the desired information thereon. Typically, 
such a system employs a laser beam. Subse- 
quently, the electrostatic latent image on the pho- 
toconductive insulating surface is made visible by 
developing the image with developer powder re- 
ferred to in the art as toner. Most development 
systems employ developer which comprises both 
charged carrier particles, and charged toner par- 
ticles which triboelectrically adhere to the carrier 
particles. During development the toner particles 
are attracted from the carrier particles by the 
charged pattern of the image areas of the pho- 
toconductive insulating area to form a powder im- 
age on the photoconductive area. This toner image 
may be subsequently transferred to a support sur- 
face such as copy paper to which it may be 
permanently affixed by heating or by the applica- 
tion of pressure. 

Commercial embodiments of the above general 
processor have taken various forms, and in particu- 
lar various techniques for cleaning the photorecep- 
tor have been used. One of the most common and 
commercially successful cleaning technique has 
been the use of a cylindrical brush with soft bris- 
tles, such as of rabbit fur, which has suitable 
triboelectric characteristics. The bristles are soft so 
as the brush is rotated in close proximity to the 
photoconductive surface to be cleaned, the fibers 
continually wipe across the photoconductive sur- 
face to produce the desired cleaning. 

Subsequent developments in cleaning tech- 
niques and apparatus, in addition to relying on the 
physical contacting of the surface to be cleaned to 
remove the toner particles, also rely on establishing 
electrostatic fields by electrically biasing one or 
more members of the cleaning system by estab- 
lishing a field between a conductive brush and the 
insulative imaging surface so that the toner on the 
imaging surface is attracted to the brush. Thus, if* 
the toner on the photoreceptor is positively 
charged then the field would be negative. The 
creation of the electrostatic field between the brush 
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and imaging surface is accomplished by applying a 
DC voltage to the brush. Typical examples of such 
techniques are described in US-A-3,572,923 and 
3,722,018. A further refinement of these electro- 
5 static brush cleaning devices is described in US-A- 
4,494,863 wherein, in addition to establishing an 
electric field between the imaging member and the 
brush to attract charged toner particles from the 
imaging member, a pair of detoning rolls, one for 
70 removing toner from the biased cleaner brush, and 
the other for removing debris such as paper fibers 
and ciay from the brush, is provided. The two 
detoning rolls are electrically biased so that one of 
them attracts toner from the brush while the other 

75 one attracts debris, thereby permitting toner to be 
used without degradation of copy quality, while the 
debris can be discarded. 

In all the brush cleaner systems, a balance 
between cleaning performance (the removal of 

20 toner from a delicate imaging member) versus 
wearing abrasion and filming on the imaging mem- 
ber, must be maintained at all times. The known 
electrostatic brush techniques have the benefit that 
the brush may be rotated relatively slowly, and as 

25 a result the process speed may be increased while 
maintaining cleaning brush speed at the same rela- 
tive rate. A further problem with abrasion may be 
present, with the advent of photoconductive materi- 
als which are not as resistant to abrasion *as materi- 

30 als of the past. For example, photoreceptors of the 
type disclosed in US-A-4,265,990 which is directed 
to photoconductors comprising an electrically con- 
ductive substrate, a charge-generator tayer with 
photoconductive particles dispersed therein in an 

35 insulating organic resin, and a charge-transport lay- 
er, are particularly susceptible to abrasion damage 
by mechanical brush cleaners. 

Initially, electrostatic brush cleaning devices 
employed brushes made with metal fibers, such as 

40 stainless steel fibers, because of their ready avail- 
ability. While effective for some applications, they 
suffer certain deficiencies in that in addition to 
being relatively abrasive there is a tendency for the 
stainless steel fibers to entangle and compression 

45 set thereby causing premature reductions in clean- 
ing performance. Furthermore, since the fibers are 
highly conductive, if any one filament comes into 
contact with the ground surface, it would short out 
the whole brush, providing a generalized cleaning 

so failure. In addition, of course, loose fibers would 
short out other electrical elements such as cor- 
otrons, switches, etc. Rnaily, since stainless steel 
fibers are sold on a weight basis, they become 
very costly in comparison to other fibers having a 

55 much lower specific gravity. Accordingly, there has 
been a desire and a need to provide an alternative, 
more-economical, long-life, stable fiber. 

US- A-4,31 9,831 describes a cleaning brush for 
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a copying device, wherein the brush is composed 
of composite conductive fibers consisting of at 
least one conductive layer containing conductive 
fine particles, and at least one non-conductive layer 
in a mono filament The fiber diameter is less than 
30 denier per filament, the fiber length is 5 to 30 
millimeters. The electrical resistance of the conduc- 
tive fibers is less than 10 15 ohms/centimeter. Con- 
ductive carbon black particles may be used with a 
number of synthetic resins including polyamides. 

In accordance with the present invention, a 
cleaning brush for use in electrostatographic re- 
producing apparatus has been provided. These 
brushes comprise electroconductive fibers wherein 
the individual brush fibers comprise a nylon fila- 
mentary polymer substrate having finely divided 
electrically conductive particles of carbon black 
suffused through the filamentary polymer substrate 
and being present inside the filamentary polymer 
substrate as a uniformly dispersed phase indepen- 
dent of the polymer substrate in an annular region 
located at the periphery of the filament and extend- 
ing inwardly along the length thereof. The elec- 
trically conductive carbon black is present in an 
amount sufficient to render the electrical resistance 
of the fiber from about 1 x 10 3 ohms per centi- 
meter to about 1 x 10 9 ohms per centimeter. 

In a specific aspect of the present invention, 
the fibers are the cut plush pile, of a woven fabric. 

In a further aspect of the present invention, the 
fabric is in the form of a fabric strip which is 
helically wound and bound to the surface of a 
cylindrical core. 

The present invention will become apparent as 
the following description proceeds upon reference 
to the drawings in which: 

Figure 1 is a schematic representation of 
electrostatographic reproducing apparatus incorpo- 
rating the cleaning brush of the present invention; 

Figure 2 is a schematic illustration of the 
electrostatic cleaning apparatus utilized in the ma- 
chine illustrated in Figure 1; 

Figure 3 is an isometric illustration of a cylin- 
drical fiber brush according to the present inven- 
tion; 

Figure 4 is a schematic illustration of a con- 
ventional weaving system, and 

Figure 5 is a schematic cross-section of fab- 
ric with highly conductive yarns jn the fabric back- 
ing and a conductive latex back coating. 

For a general understanding of the features of 
the present invention, a description thereof will be 
made with reference to the drawings. 

Figure 1 schematically depicts the various 
components of an illustrative electrostatographic 
printing machine incorporating an electrostatic 
brush cleaner according to the present invention. 



Inasmuch as the art of electrophotographic printing 
is well known, the various processing stations em- 
ployed in the printing machine illustrated in Figure 
1 will be described very briefly. In Figure 1, the 

5 printing machine utilizes a. photoconductive belt 10 
which consists of an electroconductive substrate 12 
over which there is a photoconductive insulating 
imaging layer 14. The belt moves in the direction 
of arrow 1 to advance successive portions thereof 

70 sequentially through the various processing sta- 
tions arranged about the path of movement thereof. 
Belt 10 is entrained about stripping roller 18. ten- 
sioning roller 20 and drive roller 22, all of which are 
mounted rotatably and are in engagement with the 

75 belt 10 to advance the belt in the direction of arrow 
16. Roller 22 is coupled to motor 24 by suitable 
means such as a belt drive. Initially a portion of the 
belt 10 passes through charging station A, compris- 
ing a corotron 26 having a negative potential ap- 

20 plied thereto to provide a relatively-high 
substantially-uniform negative potential on the belt. 
Following charging of the photoconductive layer 14, 
the belt is advanced to exposure station B where 
an original document 28 is positioned face down on 

25 a transparent viewing platen 30. Lamps 32 flash 
light rays onto the original document 28 which are 
reflected and transmitted through lens 34 forming a 
light image thereof on the photoconductive surface 
14 to dissipate the charge thereon selectively. This 

30 records an electrostatic latent image on the pho- 
toconductive surface 14 corresponding to the in- 
formational areas contained in the original docu- 
ment 28. 

Thereafter the belt 10 advances the electro- 
ns static latent image to development station C 
wherein a magnetic brush developer roller 36 ad- 
vances a developer mix, comprising toner and car- 
rier granules, into contact with the electrostatic 
latent image. The image attracts the toner particles 
40 from the carrier granules, thereby forming a toner 
powder image on the photoconductive belt There- 
after, the belt 10 advances the toner powder image 
to transfer station D where a sheet of support 
material 38 has been fed by a sheet-feeding ap- 
45 paratus in timed sequence so that the toner powder 
image developed on the photoconductive belt con- 
tacts the advancing sheet of support material at 
transfer station D. Typically, the sheet-feeding ap- 
paratus includes a feed roll 42 which is in rotational 
so contact with the upper sheet of a sheet in a stack 
of sheets 44. The feed roll rotates so as to advance 
the uppermost sheet of a stack into the chute 48. 
The transfer station includes a corona-generating 
device 50 which sprays ions of suitable polarity 
55 onto the back of the sheet so that the toner powder 
• image is re attracted from the photoconductive belt 
10 to the sheet 38. 

Thereafter, the sheet is transported to fusing 
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station E which permanently affixes the transferred 
toner powder image to the sheet 38. Typically, 
fuser E includes a heated fuser roll 52 adapted to 
be pressure engaged with the backup roller 54 so 
that the toner powder image is permanently affixed 
to the sheet 38. After fusing the toner image, the 
sheet 38 is advanced through guide chute 56 to 
copy catch tray 58 for removal from the printing 
machine by the operator. The belt next advances 
past a preclean corotron 55 to cleaning station F 
for removal of residual toner and other contamin- 
ants such as paper debris. 

As illustrated in Figure 1, and with additional 
reference to Figure 2, cleaning station F comprises 
an electrically conductive fiber brush 60 which is 
supported for rotation in contact with the photocon- 
ductive surface 14 by a motor 59: A source 64 of 
negative DC potential is operatively connected to 
the brush 60 such that an electric field is estab- 
lished between the insulating member 14 and the 
brush thereby to cause attraction of the positively- 
charged toner particles from the surface 14. Typi- 
cally, a negative voltage of the order of 250 volts is 
applied to the brush. An insulating detoning roll 66 
is supported for rotation in contact with the conduc- 
tive brush 60 and rotates at about twice the speed 
of the brush. A source of DC voltage 68 electrically 
biases the detoning roll 66 to a higher potential of 
the same polarity as the brush is biased. A meter- 
ing blade 70 contacts the roll 66 for removing the 
toner therefrom and causing it to fail into the col- 
lector 72. Typically, the detoning roll 66 is fab- 
ricated from anodized aluminum whereby the sur- 
face of the roll contains an oxide layer about 50 
iim thick and is capable of leaking charge to pre- 
clude excessive charge buildup on the detoning 
roll. The detoning roll is supported for rotation by a 
motGr 63. In the cleaning brush configuration of 
Figure 2, the photoconductive belt moves at a 
speed of about 0.56 m per second, while the tips of 
the brush fibres move at a speed of about 0.7 to 
1.4 m per second opposite the direction of the 
photoconductive belt movement. The primary 
cleaning mechanism is by electrostatic attraction of 
toner to the brush fibers, the displaced toner being 
subsequently removed from the brush fibers by the 
detoning roll from which the blade scrapes the 
cleaned toner off to an auger which transports it to 
a sump. 

Alternatively, the cleaning device of the present 
invention may include the use of a pair of detoning 
rolls, one for removing toner from a biased cleaner 
brush, and the other for removing debris such as 
paper fibers and clay from the brush in the manner 
disclosed in US-A-4,494,863. In this technique the 
two detoning rolls are electrically biased so that 
one of them, attracts toner from the brush while the 
other one attracts debris. As a result the toner can 
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be reused without degradation of copy quality, 
while the debris can be discarded. 

The cleaning brush according to the present 
invention is made from an electroconductive fiber 

s which provides long cleaning life and substantially 
no abrasive damage or filming of the imaging sur- 
face. In particular, the individual brush fibers com- 
prise a nylon filamentary polymer substrate having 
finely-divided electrically-conductive particles of 

iQ carbon black suffused through the surface of the 
substrate and being present inside the substrate as 
a uniformly dispersed phase of the polymer sub- 
strate in an annular region located at the periphery 
of the filament and extending along the length 

75 thereof. The electrically-conductive carbon black 
particles are present in an amount sufficient to 
render the electrical resistance of the fibers from 
about 1 x 10 3 ohms per centimeter to about 1 x 
10 9 ohms per centimeter. As a result of the con- 

20 centration of conductive carbon black on the outer 
portion of the fibers, the individual fibers have a 
generally non-conductive core portion, with a thin- 
ner outer portion of carbon-containing nylon having 
a resistance per unit length in the stated range. As 

25 a result of the structure this value reflects the 
resistance per unit length of the periphery and 
provides a resistance per unit length of from about 
2 x 10 3 ohms per centimeter to about 1 x 10 s 
ohms per centimeter for a 40 filament yam. Prefer- 

30 ably, the resistance per unit length of one filament 
is from about 1 x 10 s to about 5 x 10 s ohm per 
centimeter. 

The electrically conductive textile fibers which 
are useful in the present invention may be made 
35 according to the techniques described in US-A- 
3,823,035 and 4,255,487. In addition, commercially- 
available fibers prepared according to those tech- 
niques may be available from BASF Corporation 
under the designation F901 Static Control Yam. 
40 These fibers, which are made by a process de- 
scribed as suffusion, are to be distinguished from 
fibers having a conductive coating on the outer 
surface thereof. The fibers have a layer wherein the 
electrically conductive carbon black particles have 
45 spread through or defused into the fiber substrate 
itself. As a result, a very durable electroconductive 
outer portion on the fibers is present Briefly, the 
fibers are prepared by applying to the nylon fila- 
mentary polymer substrate a dispersion of the fine- 
so ly divided electrically conductive particles such as 
carbon black in a solvent for the filamentary poly- 
mer substrate which does not dissolve or react with 
the conductive particles, and removing the solvent 
from the substrate after the carbon black particles 
55 have penetrated its periphery and before the struc- 
tural integrity of the substrate has been destroyed. 
Typically, formic acid is used as a solvent in the 
application of carbon black particles to either nylon 

4 
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6 or nylon 66. Alternatively, the dispersion may 
contain powdered nylon. The fibers have sufficient 
elastic properties that they do not fatigue by flex- 
ing. Accordingly, with repeated deformation by 
contact with the imaging member, they retain their 
original configuration. Since the suffusion process 
provides an integral composite fiber there is no 
significant debonding or abrasive wear of the fi- 
bers. 

The cleaning brush may be used in any suit- 
able configuration. Typically, a cylindrical fiber 
brush comprising a helically-wound conductive pile 
fabric strip on a elongated cylindrical core in the 
manner illustrated in Figures 1 and 2 is used. 
Typically such a core is from about 13 mm to 75 
mm in diameter and is composed of cardboard, 
epoxy- or a phenolic-impregnated paper, extruded 
thermoplastic material or metal providing the nec- 
essary rigidity and dimensional stability for the 
brush to function well during its operation. While 
the core may be either electrically conductive or 
non-conductive, it is preferred that it be electrically 
insulating. 

Typically, the cleaning brush has an outside 
diameter of 25 to 75 mm with a pile height of 6 to 
25 mm. Preferably in a high speed process, about 
18 mm is required to enable suitable interference 
between the photoreceptor surface and the brush, 
and the detoning roll or rolls and the brush, without 
significant setting of the fibers. The fiber fill density 
is of the order of 20,000 to 50,000 fibers per 
square inch, preferably 25,000 to 35,000, of from 5 
to 25 denier per filament fiber, preferably 10 to 17, 
in the center portion of the fabric strip, for optimum 
cleaning performance. The 5 denier per filament 
fiber provides a fiber diameter of about 25 to 27 
urn, and the 25 denier per filament provides a fiber 
diameter of about 52 to 55 urn. In this regard the 
suffusion treatment results in a diameter increase 
of about 2 to 5 ttm. The pile height of the brush 
may be from 6 to 20 mm and is preferably from 14 
to 18 mm in providing optimum high process 
speed cleaning performance. 

Figure 3 is a schematic illustration of a 
helically-wound conductive pile fabric strip on a 
cylindrical core 80, with a cut plush pile woven 
fabric strip 82 helically-wound about the core. 

The cylindrical fiber brush according to the 
present invention may be fabricated using conven- 
tional techniques. For example, it can be prepared 
by conventional knitting or tuft insertion processes, 
as well as the preferred weaving process. The 
initial step of weaving fabric is accomplished from 
conventional techniques wherein it can be woven in 
strips on a narrow loom, for example, or be woven 
in wider strips on a wide loom leaving spaces 
between the strips. Alternatively, a plush pile wov- 
en fabric is produced such that the fiber fill density 



of the fabric strip at the strip edges is a least 
double the fiber fill density in the center portion of 
the fabric strip, in the manner described in US-A- 
No. 4,706.320. 
5 Figure 4 schematically illustrates a convention- 

al weaving apparatus where fabrics can be made 
using any suitable shuttle or shuttleless pile weav- 
ing loom. A woven fabric is defined as a planar 
structure produced by interlacing two or more sets 
70 of yams whereby the yams pass each other essen- 
tially at right angles. A narrow woven fabric is a 
fabric of 0.3 m or less in width having a selvage on 
both sides. A cut pile woven fabric is a fabric 
having pile yarns protruding from one face of the 
75 backing fabric where the piie yams are cut upon 
separation of two symmetric fabric layers woven at 
the same time. 

A general explanation of the weaving process 
is described below with reference to Figure 4. In a 
20 preferred embodiment, a lubricant is applied as a 
fiber finish to the fibers at a suitable post-suffusion 
stage in the manufacture of the brush to enhance 
high speed yam handling characteristics. Typically, 
the lubricant may be applied prior to or during 
25 weaving or during brush shearing. Typically, ma- 
terials that may be used as fiber finishes include 
mineral oils, hydrocarbon oils, silicones and waxes. 
Preferred commercially available materials include 
Stantex finishes, blends of mineral oil, fatty esters. 
30 non-ionic emulsifiers and low sling additives avail- 
able from Henkel Corporation, Charlotte, North 
Carolina and Permafin 206, a water emulsion of a 
fatty ethyienic copolymer, available from National 
Starch & Chemical Company, Salsbury, North 
35 Carolina. In addition to assisting in the fabricating 
process, this treatment has the effect of reducing 
friction to minimize entanglements during use. Ac- 
cordingly, the fiber-to-fiber, fiber-to-detoning roll, 
fiber-to-imaging member friction is reduced, and 
40 radial shrinkage of the brush and detoning perfor- 
mance maintained to reduce the possibility of 
cleaning failure. Warp yarns for upper backing 90. 
lower backing 94, and piie 92 are wound on individ- 
ual loom beams 96, 98 and 100. All yarns on the 
45 beams are continuous yams having lengths of 
many hundreds of thousands of metres and are 
arranged parallel to each other to run lengthwise 
through the resultant pile fabric. The width of the 
fabric, the size of warp yams, and the number of 
so warps n ends n or yarns per unit length desired in 
the final fabric will govern the total number of 
individual warp yarns placed on the loom beams 
and threaded into the loom. From the loom beams, 
the yams feeding the upper backing fabric 1 02, the 
55 lower backing fabric 104, and the pile 106 are led 
through a tensioning device, usually a whip roll and 
lease rods, and fed through the eyes of heddles 
and *then through dents in a reed 108. This ar- 
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rangement makes it possible to manipulate the 
various warp yarns into the desired fabrics. As the 
warp yarns are manipulated by the up and down 
action of the heddles of the loom, they separate 
into layers creating openings called sheds. The 
shuttle carries the filling yarn through the sheds 
thereby forming the desired fabric pattern. The 
woven fabric having both an upper and lower back- 
ing 102, 104 with a pile 106 in between is cut into 
two fabrics by a cutter 110 to form two cut plush 
pile fabrics. A particularly preferred fabric is a cut 
plush pile woven fabric. Following weaving, if the 
fabric has been woven on a wide loom leaving 
spaces between adjacent strips, the fabric may be 
slit into strips by slitting the woven backing be- 
tween the pile strips. Following the weaving tech- 
niques the fabric strips are coated with a conduc- 
tive latex such as Emerson Cumming's Eccocoat 
SEC which is thereafter dried by heating. There- 
after the fabric strip is slit to the desired width, 
making sure not to cut into the pile region but 
coming as close to it as possible, by conventional 
means such as by hot knife, or ultrasonic slitter. 

The fabric strip is helically wound onto the 
fabric core and held there with an adhesive to bind 
the fabric to the core. The width of the strip is 
dictated by the core size, the smaller cores gen- 
erally require narrower fabric strips so it can be 
readily wrapped. The adhesive applied may be 
selected from readily available epoxy, hot melt 
adhesives, or may include the use of double- 
backed adhesive tape. In the case of liquid or 
molten adhesives, they may be applied to the 
fabric alone, to the core alone or to both, and may 
be conductive or non-conductive. In the case of 
double-backed tape, it is typically applied to the 
core material first. The winding process is inher- 
ently imprecise in that there is an inability to con- 
trol the seam gap between fabric windings. This is 
because the fabric responds differently to tension 
by way of stretching, deforming or wrinkling. The 
fabric strip is wound in a constant pitch winding 
process whereby the winding angle is based upon 
a knowledge of the core diameter and the fabric 
width. Typically, the core circumference is projec- 
ted as a length running diagonally on the fabric 
from one edge to the other, and the winding angle 
is derived by this diagonal and the perpendicular 
between the two fabric edges. 

Figure 5 illustrates an alternative embodiment 
of the fabric strip construction which may be used 
to ensure a more functionally uniform bias to fila- 
ment ends of the brush. In this embodiment, highly 
conductive fibers 72 such as stainless steel are 
woven into the backing 74, for example polyester, 
of the fabric about 20 to 30 mm apart across the 
length of the fabric strip. Also illustrated is the 
conductive synthetic latex coating 76. When the 



strip is wound on the core, the presence of the 
highly conductive stainless steel yarns ensures a 
continuous low resistance path along the length of 
the brush. This is helpful because in some appiica- 

5 tions the electrostatic cleaning brush may have the 
appropriate bias applied at one end only, the other 
end being electrically floating. With the more con- 
ductive stainless steel yarns in contact with the 
more resistive conductive backings and many of 

70 the conductive pile fibers 92 a more functionally 
uniform bias to the filament ends of the brush is 
ensured. 

The present invention may be better under- 
stood by reference to the following examples 
75 wherein, unless otherwise specified, all parts and 
percentages are by weight. 



EXAMPLE I 

A Xerox 1075 duplicator was retrofitted with an 
electrostatic brush cleaning device with two de- 
toning rolls as described in US-A-4,494,863. The 

25 cylindrical cleaning brush was 72.1 mm outside 
diameter and comprised of an insulating core of a 
phenolic impregnated paper having an electrocon- 
ductive nylon fiber woven into a polyester backing 
fabric coated with an electroconductive synthetic 

30 latex. The pile yams were electroconductive fibers 
of 15 denier nylon 6 monofilament fibers having a 
circular cross sectional diameter of about 42 to 45 
um which had been passed through a dispersion of 
finely-divided conductive carbon black particles in 

35 a formic acid solvent dispersion to suffuse the 
conductive particles and nylon 6 polymer through 
the surface of the substrate, thereby providing a 
generally uniform dispersion of particles of carbon 
black in an annular region along the length of the 

40 filament. The resulting fibers comprise a central, 
non-conductive nylon core with a relatively thin 
portion surrounding the core of conductive carbon 
containing nylon and a resistance per unit length of 
1 x 10 4 to about 9x10* ohms per centimeter for a 

45 40 filament yam. By comparison, the untreated 
filament has a resistance of greater than 10 1 * ohm 
per centimeter. The treated fibers were 17 denier 
per filament and were woven as a 40 filament yam 
providing a yam denier of about 700 into a poiyes- 

50 ter backing. Prior to weaving, the multifilament yam 
first had a Stantex lubricant applied to facilitate 
high speed twisting operation and then were twist- 
ed a minimum of two turns per 25 mm to maintain 
yarn integrity during processing and handBng. After 

55 twisting the yam was heat set using a vacuum 
autoclave at 120* C. The resulting fabric had a pile 
density of 48 filaments per square mm. The clean- 
ing brush was operated at process speed of 0.76 m 
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per second against a photoreceptor speed of 0.38 
mm per second. During operation, a bias of nega- 
tive 200 volts was continuously applied to the elec- 
trostatic cleaning brush. More than 1,000,000 im- 
ages were successfully cleaned following transfer 
of the toner image to copy sheets without signifi- 
cant change in the performance, and the brush was 
still operating successfully when a test was termi- 
nated at the completion of 1 ,000,000 images. 



EXAMPLES II AND III 



Two additional brushes prepared in the same 
manner were tested in a similar electrostatic brush 
cleaner on a prototype duplicating apparatus. Dur- 
ing testing the process speed of the cylindrical 
electrostatic cleaning brush was 0.76 mm per sec- 
ond while the process speed of the photoreceptor 
was increased to 0.56 mm per second and a bias 
of negative 200 volts was applied to the electro- 
static cleaning brushes. One brush continued to 
clean effectively after 1 .3 million images had been 
made without failure, and the other brush continued 
successfully after 1.4 million images had been 
cleaned without failure. 

As a result of the use of conductive fibers, any 
bias applied at one end of the brush can be trans- 
mitted through the brush to the filament ends be- 
cause of the intimate contact between conductive 
portions of the composite fiber. In other words, by 
having the conductive portions of the composite 
fiber on the outside, it is capable of transmitting the 
applied bias to the filament ends by the intimate 
contact between adjacent portions of conductive 
portions of the. fiber. If the reverse were true, 
wherein the core of the fiber were the conductive 
portion, the bias could only be transmitted by the 
individual fibers and not by the intimate individual 
fiber contact. Furthermore, by using fibers with 
unsuffused cores, the fiber will maintain its strength 
and not be weakened by the addition of non- 
reinforcing but conductive fillers used to give it 
conductivity. In addition, the fibers according to the 
present invention have sufficient structural strength 
to withstand processing. The high breaking 
strength of the fiber is not significantly altered by 
the presence of the carbon black, tn addition, the 
fibers have sufficient stiffness to function in the 
cleaning operation, that is to return to their initial 
position but not be so stiff as to damage the 
imaging surface. Typically, the initial modulus is of 
the order of 1034 to 4 137 MN m~ 2 . The fibers 
have the further advantage in that they tend to stay 
relatively clean and not to be impacted by toner or 
to film the photoreceptor significantly. Thus, ac- 
cording to the present invention, relatively inexpen- 



sive, conductive fibers are provided for electrostatic 
cleaning brushes which are relatively inexpensive 
and enormously long lasting and capable of being 
fabricated into brushes using standard manufactur- 

5 ing techniques. 

While the electrostatic cleaning apparatus has 
been described as being a rotatable cylindrical 
brush member, it will be understand that the elec- 
trostatic cleaning brush may be in the form of a 

io belt, web or pad. 



Claims 

/5 1 . A cleaning brush for use in an electrostatog- 

raphic reproducing apparatus, comprising elec- 
troconductive fibers (60) said individual brush fibers 
comprising a filamentary polymer substrate having 
finely-divided electrically-conductive particles of 

20 carbon black suffused through the surface of the 
filamentary polymer substrate and being present 
inside the filamentary polymer substrate as a uni- 
formly dispersed phase independent of the poly- 
mer substrate in an annular region located at the 

25 periphery of the filament and extending inwardly 
along the length thereof, the electrically conductive 
carbon black being present in an amount sufficient 
to render the electrical resistance of the fiber from 
about 1 x 10 3 ohms/cm to about 1 x 10 s ohms/cm. 

30 2. The brush of claim 1 , wherein the fibers are 

the cut plush pile of a woven fabric. 

3. The brush of claim '1 or 2, in which the fibers 
extend radially from an elongated cylindrical core 
(80). 

35 4. The brush of claim 3 wherein the fibers 

project from a fabric strip (82) helically wound and 
bound to the cylindrical core, the fabric strip includ- 
ing highly-conductive yarns (72) spaced about 20 
to 30 mm apart running substantially parallel to the 

40 strip edges. 

5. The brush of claim 4, wherein the fabric 
further includes an electrically-conductive backing 
(76). 

6. The brush of any preceding claim, wherein 
45 the fiber fill density is from 32 to 80 fibers per 

square mm of from 5 to about 25 denier per 
filament fibers, and the pile height is from about 6 
to about 20 mm. 

7. The brush of any preceding claim, wherein 
so the polymer substrate is of nyton. 

8. Apparatus for cleaning an electrostatog- 
raphic imaging member (10) of residual toner, com- 
prising a brush (60) as claimed in any preceding 
claim, 

55 means (64) for electrically biasing the brush to a 
polarity opposite to that of the charge on the toner, 
and means (59) to provide moving contact of the 
brush fibers with the imaging member, whereby 
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residual toner is attracted to the brush when it 
contacts the imaging member. 
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@ Cleaner brush. 

<g) A cleaner brush (60) for electrostatographic reproducing 
apparatus has electroconductive fibers of nylon filamentary 
polymer substrate having finely-divided electrically-conductive 
particles of carbon black suffused through a surface layer 
thereof. The electrically conductive carbon black is present in 
an amount sufficient to render the electricai resistance of the 
fiber from about 1 x 103 ohms ^ centimeter to about 1 x 1Q9 
chms per centimeter. In a preferred embodiment, the fibers 
form the cut plush pile of a woven fabric strip (82) which is 
wound helically on a cylindrical core, and includes conductive 
yarns spaced 20 to 30 mm apart running substantially parallel to 
the strip edges. 
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